Ecological networks describe the interactions between species, the underlying structure of 5 communities, the function and stability of ecosystems. To date, network analyses have been 6 extensively applied to understand mutualistic and antagonistic interactions, but few have 7 examined commensal interactions, particularly in neotropical regions. The inselbergs of 8 southeastern Brazil are considered one of the three most important regions in the world in 9 terms of terrestrial species diversity and endemism but are poorly studied. In this study, we 10 constructed the first epiphyte-phorophyte commensalistic network in a Brazilian inselberg 11 and examined its structure and robustness to simulated species loss. A total of 138 12 phorophyte individuals belonging to eight species were observed in 20 2 m × 50 m transects, 13 interacting with 5,039 individuals of vascular epiphytes belonging to 85 species. The 14 epiphyte-phorophyte network structure exhibited a low degree of specilization (H2'), low 15 connectance and robustness; when the most connected phorophyte species were sequentially 16 removed the number of secondary extinctions was high, based on robustness metrics. One 17 generalist phorophyte, Pseudobombax sp. nov., was particularly important, hosting a high 18 number of epiphyte species. A single phorophyte individual of Pseudobombax supported 19 46% of the total richness of the epiphyte community studied. Our results demonstrate that the 20 richness and abundance of epiphytes were correlated with phorophyte size (as mensured by 21 the DBH, diameter at breast height), probably due to increased habitat area and the time 22 available for colonization. We conclude that phorophyte size and species identuty are 23 important factors for predicting the structure of epiphyte-phorophyte interaction networks. 24 2 We discuss the conservation implications of phorophyte loss and secondary extinctions of 25 epiphytes in Atlantic Forest inselbergs. 26 27
INTRODUCTION 30
In the Brazilian Atlantic Forest, there are granitoids rock outcrops ecosystems, named 7 Estimation of sampling completeness of interactions 149 We plotted the number (richness) of accumulated interactions as sampling effort 150 increased for each phorophyte species to estimate network sampling completeness. We 151 adapted the methodology of Traveset et al. (2015) for each of the eight phorophyte species 152 from which more than five individuals were sampled. We calculated the asymptotic estimated presence / absence of data that quantifies rarity or the number of singletons (species that 160 appear in only one sample) and duplicates (species that occur in two samples). Chao 2 was 161 applied because it is the more robust estimator for small sample sizes (Chao et al. 2009 ).
162
Chao 2 was estimated using the R statistical software (R Development Core Team 2016) with 163 the 'vegan' package (Oksanen et al. 2016) .
165
Network analysis 166 We examined the structure and complexity of the networks using standard metrics.
167
Connectance (C) consists of the actual number of observed interactions in relation to the 168 number of theoretically possible interactions in the network. It varies from 0 (without 169 interaction) to 1 (all species linked to each other) (Jordano 1987) . We used the specialization 170 index (H2'), to evaluate the network specialization (Blüthgen et al. 2006) , by selectivity in the 171 use of resources of the whole network, which varies between 0 (full generalization) and 1 172 (full specialization). The significance of H2' was estimated by randomization (1000 8 interations), using the Patefield null model (Blüthgen et al. 2006) . Generality and 174 vulnerability (Tylianakis et al. 2007) were also calculated to examine epiphyte-phorophyte 175 interaction asymmetries. Generality is the weighted average number of phorophytes 176 connected to epiphytes, and vulnerability estimates the epiphytes connected to phorophytes 177 (Sáyago et al. 2013; Zhao et al. 2015) . 178 We examined network nestedness by NODF (nested metric based on overlap and 179 decreasing fill) (Almeida-Neto et al. 2008) . For epiphyte-phorophyte networks, nestedness 180 represents phorophyte species with low interactions forming a subset of species that 181 maintains large numbers of interactions. It varies from 0 (non-nested) to 100 (fully nested)
182
(Almeida-Neto & Ulrich 2011). We assessed nestedness significance using empirical values 183 from the null distribution. For this, we calculated 1000 random matrices using the null model 184 2 (CE) proposed by Bascompte et al. (2003) , producing a matrix of the same size and the 185 same number of interactions as the one produced, and we tested the probability of an 186 interaction occurring considering the number of occurrences in the rows and columns.
187
Robustness (R) was used to measure the tolerance of the network to species 188 extinctions (Dunne et al. 2002; Memmott et al. 2004) . Although sampling biases are likely to 189 affect network-level analyses such as this, our aim was to provide the first measure of the 190 'fragility' of the networks for the region. Robustness was calculated by considering the 191 secondary extinction of epiphytic species resulting from the extinction of primary species of 192 phorophytes. R → 0 corresponds to a very rapid reduction in the slope of the curve, reflecting 193 a disturbed system after the first species is removed; whereas R → 1 represents a very robust 194 system, where decrease in the curve corresponds is very slow, and thus represents a system in 195 which most epiphytes remain after the removal of most phorophytes. The community 196 robustness was measured through the area below the extinction curve (Memmontt et al. 197 2004; Burgos et al. 2007) , by sequentially deleting the most connected (generalist) to less 198 9 connected (specialists) phorophytes. Using this method, it is also possible to verify if the 199 generalist species of phorophytes that are removed leads to the removal of the species of 200 epiphytes that interact only with these hosts. It was generated from extinction curves through 201 the function second.extinct (1000 randomizations).
202
All analyses were carried out using the function 'network level' from the 'bipartite' Organization of interactions 208 The species' degree (ki) is defined by the number of interactions that each species has.
209
In general, species with few interactions (i.e. species with low degree value) are usually 210 referred to as specialists, whereas those that establish many interactions (high degree value) 
235
The richness and abundance of epiphytes showed high correlation with the size of 236 phorophytes. The richness of epiphytes increased significantly with DBH (Spearman's 237 correlation; r 2 = 0.64, p<0.001), as did the abundance of epiphytes increased significantly with 238 DBH (Spearman's correlation; r 2 = 0.55, p<0.001).
240
Network structure 241 Estimation of sampling completeness showed that the sampling effort was adequate. 242 We detected a large proportion of all interactions for the whole epiphyte-phorophyte network 243 (~ 80%) (Appendix S3). Variation in network structure across transects was low (Table 1) . 244 We found low specialization (H2' = 0.30; p<0.01) between epiphytes and phorophytes, and The number of interactions (degree) for phorophyte species varied from 1 to 71 263 (Tables 2, Appendix S1). The phorophyte Pseudobombax sp. nov. showed the greatest 264 number of interactions in the network (71 species of epiphytes -46% of 156 interactions) 265 ( Fig. 3 ; Appendix S1). Of these, 38 (45%) were exclusive species for this phorophyte, being The most important phorophytes for the epiphytic flora in the inselberg were 295 Pseudobombax sp nov. and Guapira opposita which together interact with almost 100% of 296 13 epiphytes and exclusively interacted with 14 (16%) epiphytic species (Fig. 3, Appendix S4 ).
297
These phorophytes share 33 (39%) species of vascular epiphytes (Fig. S1 ). The other 298 phorophytes interacted largely with an epiphytic flora that were present in these two 299 phorophytes species (Fig. 3, Appendix S4) .
300
The most abundant vascular epiphytes were Tillandsia usneoides (1,167 individuals, (Fig. 3 , Appendix S1). The present study is, to our knowledge, the first to use ecological network analysis to 309 investigate the structure and complexity of epiphyte-phorophyte commensalistic interactions 310 in a Neotropical inselberg. We found a diverse epiphytic community, an unexpected feature 311 for this type of environment (see Porembski et al. 1998) . Our results support the hypothesis 312 that phorophytes with larger dimensions would have greater diversity of epiphytes and are the 313 ones that most interact with them. In addition, we showed that phorophyte size, based on 314 DBH, is an important factor for predicting the structure of the epiphyte-phorophyte 315 interaction network. We found a nested pattern and low degree of specialization for the 316 network, as has been found for other epiphyte-phorophyte networks in forest ecosystems 317 (Burns 2007; Sáyago et al. 2013; Zhao et al. 2015) . Generalist phorophytes that preserve 318 unique interactions with the epiphytes are those that maintain the robustness of the network. Moreover, the presence of exposed roots of considerable thickness on the rocky surface 328 provides an important site for colonization by epiphytes (Couto et al. 2016) .
329
As expected, we found a positive and significant correlation between richness and 330 abundance of the epiphytic community with the size of phorophytes. The phorophyte size 331 produces a complexity of ecological factors that are intimately related with the distribution of 332 the epiphyte community. Large trees are usually older (Sáyago et al. 2013; Wang et al. 2016) 333 and therefore they are exposed for a longer time to diaspore settlement events through seeds 334 or plant parts (e.g., Tillandsia usneoides) (Callaway et al. 2002; Flores-Palacios & García-335 Franco 2006) . This is due to the greater surface area exposed to receive the seed rain and for 336 seedling establishment, the greater heterogeneity of microhabitat available, and the 337 improvement in bark quality and larger exposition to air moisture and light (Woods et al. 2003; Alves et al. 2008; Menini Neto et al. 2013) .
348
The vascular epiphyte families with highest richness in this study (Orchidaceae, 349 Bromeliaceae and Polypodiaceae) are also the richest worldwide (Zotz 2013) and especially 350 in neotropical regions (Gentry & Dodson 1987; Boelter et al. 2014; Freitas et al. 2016) .
351
These families have a wide distribution in ecosystems associated with the Brazilian Atlantic
352
Forest (Couto et al. 2016; Freitas et al. 2016) . and phorophyte species. Here, we found that many epiphytic species were connected to few 390 phorophyte species (generality = 2.05). Nevertheless, the phorophytes were associated with a 391 lot more epiphytes species (vulnerability = 18.01) on average. The low value of generality 392 (2.05) differs from that found in other studies of epiphyte-phorophyte networks in tropical 393 forests (8.8 in Sáyago et al. 2013; 7.2 in Zhao et al. 2015; 8.47 in Ceballos et al. 2016) .
394
Tropical forests are highly homogenous at regional scales, favoring the presence of more 395 phorophytes, and providing a greater variety of habitats for epiphytes from the trunk base 396 (including the understory trees and shrubs) to the upper crown (Krömer et al. 2007; Zhao et 397 al. 2015) . Consequently, the epiphytes interact with a greater number of phorophytes (Zhao et 398 al. 2015; Ceballos et al. 2016) .
399
The epiphyte-phorophyte network showed a nested structure. This pattern is 400 commonly associated with mutualistic interaction networks (Jordano 1987; Bascompte et al. 401 2003; Campbell et al. 2015) . The same was recently found in commensalistic networks of 402 cavity-vertebrate nesters (Cockle & Martin 2015) and for phorophytes-epiphyte in forest 403 environments (Burns 2007; Silva et al. 2010; Sáyago et al. 2013; Ceballos et al. 2016 ). These 404 findings and suggest that network size, vascular epiphyte succession, species abundance and 405 phorophytes traits are important. We found that the phorophyte species with low interactions 406 were also the phorophytes that had smaller diameters and hosted epiphyte communities that 407 are subsets of the communities found in larger phorophytes, which showed higher The studied community appeared to be a fragile, sensitive to disturbance system. The 418 removal of the more generalist phorophyte specie, Pseudobombax sp. nov, can rapidly lead to 419 a collapse in the system, lowering diversity due to the secondary extinctions of many in the network, see Table S1 ). 
